Abstract-The main objective of this paper is to analyze the behaviour of a pair of oscillatory modes of a power system, essentially a swing mode and an exciter mode, that Dass near strong resonance. The method of prturbations suggested by Seiranyan [I] to describe the behaviour of a pair of eigenvalues in the neighbourhood of a multiple point has been suitably modified to make it applicable to systems with feedback controllers. In the case of multimachine systems, the swing mode of interest is isolated by making use of the concept of modal transformation.The knowledge of participation factors helps in identifying the exciter mode that interacts with the swing mode. The illustrative examples comprise a Single Machine connected to Infinite Bus (SMIB) system and a 3-machine system with STATCOM supplementary modulation controller.
INTRODUCTION
As power systems grow and levels of power exchange increase to meet the ever increasing load demand, the systems tend to he highly stressed. Tbe stability of an equilibrium point can be determined by an investigation of the linearized dynamics of the system. Changes in the system parameters may lead to interaction of two damped modes.
The modes which are far away initially move close to each other and collide in such a way that one of the modes may subsequently become unstable. TIis collision occurs when the system matrix has two complex pairs of eigenvalues that coincide in both real and imaginary pans. If the matrix is not diagonalizable at the point of collision of eigenvalues, the phenomenon is termed strong interaction (strong resonance) and, weak interaction (weak resonance) if it is diagonalizable [2] . Dobson et al [3] have shown that strong resonance is a precursor to oscillatory instability in their study on 3-bus and 9-bus power systems. The generatbrs' power dispatch is varied to study the behaviour of two complex eigenvalues near the point of strong resonance. It is observed that before collision the eigenvalues move together by a change in frequency and it is the strong resonance that transforms this movement into a change in damping. This change in damping ultimately results in one of the eigenvalues moving into the right half plane. Kwatny and Yu [4] have studied the effect of load parameter variations on an undamped stable system whose eigenvalues are on the imaginary axis. Loss of stability is noticed when two modes move towards each other along the i m a g i n q axis as the parameter varies and collide before moving into the right and left half planes. This phenomenon is termed flutter instability and is generic in one pmmeter Hamiltonian systems. In the work presented in this paper the behaviour of two modes (essentially a swing mode and an exciter mode) of SMIB system which pass near strong resonance is analyzed by applying the theory developed by Seiranyan [I] .This theory is extended to study the strong resonance in the presence of a STATCOM controller located at the load bus. In the case of 3-machine system with STATCOM damping controller, the two modes which interact near the point of strong resonance are identified. The concept of multi-modal decomposition [SI is applied to isolate the swing mode of interest. The relevant exciter mode is identified from the knowledge of participation factors. The organisation of the paper is as follows. Section 2 gives the background theory of strong resonance phenomenon. Section 3 presents the case studies of SMIB and 3 machine systems. Sections 4 and 5 present discussion and conclusions respectively.
BACKGROUND THEORY SMIB System without STATCOM controller
The method of perturbations is applied to analyse the interaction of the eigenvalues associated with the swing mode and the exciter mode in the neighbourhrhwd of the point of strong resonance with the help of a family of hyperbolae in the complex s-plane. The coefficients of the equations of these hyperbolae are computed using an eigenvector and an associated vector, an eigenvector of the adjoint problem at the multiple point, and the increments of the parameters. [ A ] ) = 0). The expressions for the coefficients a1 to a4 are given in Appendix B. The eigenvector U". the associated eigenvector u1 and the eigenvector vo of the adjoint problem are defined by the equations
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Note:. For a single parameter case k=%l and e = IApl, where Sysiems with STATCOM coniroller
The expansion for X is given by The block diagram of a STATCOM supplementary modulation controller is shown in Figure I . The control signal used is known as Thevenin voltage and is synthesized from the locally measurable signal viz., the magnitude of the voltage of the bus at which the controller is connected [ 6 ] . The output of the controller is the magnitude of the reactive current injected into the system. The controller gains K , and Xth are both tunable, and Tp is the STATCOM plant time constant (taken as ZOmsec).The controller is installed in the system to enhance the damping of critical modes. In the case of multi machine systems the swing mode of (' ) x = x, + &XI + fX1 + P A 3 ...
where XI is the first correction given by To investigate the behaviour of the eigenvalues X in the neighbourhood of the point p = p . in the parameter space a family of hyperbolae can be constructed by solving the eigenvalue problems (22). (23) and (24) and following the procedural steps given for the case of systems without STATCOM damping controller.
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CASE STUDIES
SMIB System withouf STATCOM supplementay modulation controller
The SMIB system is shown in Figure. 2.The generator is r e p resented by (1.0) model and the load is ofconstant impedance Vgo is the value of generator terminal voltage at strong resonance (equal to 0.9933 pu), the eigenvalues associated with the exciter mode (EM) and the swing mode (SM) move 10-wards each other and collide at A, (-0.5312.5.8878) . . _ -was noticed [7] that there is an interaction (as shown in the Figure. 5) between the exciter mode associated with the gen. erator no.3 and the swing mode of frequency 13.109 radsec. For the analysis of the behaviour of these two oscillatory modes by the application of the method of perturbations, the system is reduced by considering the dynamics of the two modes that interact in the neighbourhood of a multiple point. Figure.6 and Figure. 7 illustrate the asymptotic behaviour of
DISCUSSION
This paper extends the work reported in [3] by identifying the modes (a swing mode and an exciter mude) responsible for strong resonance. Previous work [4] focussed on the strong resonance phenomenon resulting from two swing modes. The analysis of strong resonance (caused by interaction of a swing mode and an exciter mode) due to the variation of controller parameters associated with a STATCOM has been investigated for the first time.
From the results obtained on the eigenvalue interaction near the multiple point. it is observed that the phenomenon of strong resonance results either in instability of one of the modes or in limiting the damping of modes. In the case of three machine system it is interesting to note that the exciter mode, pertaining to the generator close to the bus at which the damping controller is connected, interacts with a swing mode leading to the strong resonance phenomenon. It is also observed that near strong resonance, the eigenvalues move quickly and turn through 90 degrees(approx 
